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Glenohumeral and scapulothoracic strength
impairments exists in patients with
subacromial impingement, but these are
not reflected in the shoulder pain and
disability index
M.B. Clausen1,2,4*, A. Witten2, K. Holm1, K.B. Christensen3, M.L. Attrup2, P. Hölmich2 and K. Thorborg2,4
Abstract
Background: Pain and loss of function are cardinal symptoms associated with Subacromial impingement syndrome
(SIS), while the presence and magnitude of deficits in strength and range of motion (ROM) are largely undescribed in
non-athletic patients with SIS. Moreover, the relevance of impairments in strength and ROM to patient-reported
shoulder function is not well described, even though testing of strength is recommended in clinical guidelines.
The purpose of this study was, first, to investigate impairments in glenohumeral and scapulothoracic strength and in
abduction and internal rotation ROM in patients with SIS. Secondly, to investigate the influence of these impairments
on patient-reported shoulder function.
Methods: Cross-sectional study based on a consecutive cohort of 157 patients referred to specialist examination and
diagnosed with shoulder impingement (SIS) using predefined validated diagnostic criteria. Prior to specialist
examination, questionnaires regarding shoulder function (Shoulder Pain And Disability Index, SPADI) demographics
and kinesiophobia (TSK-11) were collected, and shoulder strength and ROM was measured by trained testers, with the
patient reporting pain levels during testing and for the last week. Impairments in strength (abduction, external-rotation,
(protraction and horizontal-extension) and ROM (abduction and internal rotation) were investigated in patients with
unilateral shoulder pain, using one-sample t-tests. SPADI total score (SPADI) and SPADI function score (SPADI-F), were
chosen as dependent variables in multiple regressions to investigate the influence of impairments on patient-reported
shoulder function. Independent variables of interest were; strength in abduction and external rotation, abduction ROM,
pain-during-tests, pain-last-week and kinesiophobia.
Results: Significant impairments were found for all impairment tests, but most pronounced for glenohumeral strength
and abduction ROM (29–33% deficits), and less for scapulothoracic strength and internal rotation ROM (8–18% deficits).
Pain variables influenced SPADI and SPADI-F score to a high degree (R2 = 23.4–31.6%, p < 0.001), while strength and
ROM did not.
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* Correspondence: mikkelbek@gmail.com
1Department of Physiotherapy and Occupational Therapy, Faculty of Health
and Technology, Metropolitan University College, Sigurdsgade 26, DK-2200
Copenhagen, Denmark
2Sports Orthopedic Research Center - Copenhagen, Department of
Orthopedic Surgery, Copenhagen University Hospital, Amager-Hvidovre,
Denmark
Full list of author information is available at the end of the article
© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Clausen et al. BMC Musculoskeletal Disorders  (2017) 18:302 
DOI 10.1186/s12891-017-1667-1
(Continued from previous page)
Conclusion: Substantial strength and ROM impairments were found in patients with SIS. Only pain significantly
influenced patient-reported function, while impairments did not. As SPADI score does not reflect the substantial
strength and ROM impairments in external rotation and abduction observed in patients with SIS, supplemental
assessment of these impairments seems important.
Keywords: Strength, Self report, Shoulder, Impairment, Deficit, Range of motion, Pain
Background
Subacromial impingement syndrome (SIS) is one of the
musculoskeletal conditions that most frequently leads
adults to contact a general practitioner [1, 2]. Subjective
sensations of pain and loss of function are cardinal
symptoms associated with SIS [3]. When monitoring
such concepts, which are best known by the patient, the
use of patient-reported outcomes is advisable [4], and
the use of Patient-reported outcomes is also recom-
mended in a range of clinical guidelines for the manage-
ment of SIS [5–7]. In addition to this, assessment of
strength and range of motion (ROM) is recommended
in clinical guidelines [6, 7], although not consistently [5].
These recommendations are based on consensus deci-
sions [6, 7], and most likely derive from the assumption
that patients with SIS generally have strength and ROM
deficits. However, the guidelines lack specificity, as there
are no recommendations specifying in which directions
of movement shoulder strength and ROM should be
tested when assessing patients with SIS, and whether
tests of both glenohumeral and scapulothoracic func-
tions should be included [6, 7]. This lack of specificity is
in line with the current available evidence. Accordingly,
while levels of strength and ROM is reported in some
clinical trials [8–12], the magnitude of deficits have only
been quantified for rotation strength (24–37% deficit)
[13, 14] and passive internal rotation ROM (~10% def-
icit) [15, 16] in a non-athletic SIS population. With the
limited knowledge about the magnitude of strength and
ROM deficits in patients with SIS being, especially re-
garding scapulothoracic function, no recommendations
about relevance of shoulder strength testing in specific
directions of movement can be made.
The recommendations that shoulder strength should
be assessed as part of the management of patients with
SIS [6, 7] could also be debated, as shoulder strength is
found to be highly related to shoulder function [13], and
hence would be reflected in the Patient-reported out-
come score. This has, however, only been investigated in
one previous study by MacDermid et al. [13].
However, these results only concerns external rotation
strength and are based on a small convenience sample
of 36 patients with SIS, thus limiting the external validity
of these findings. In addition, no adjustment was made
for covariates such as age, gender, pain and kinesiophobia;
covariates, which are possible confounders, as they are
likely associated with shoulder strength, and have previ-
ously been found to significantly influence patient-reported
shoulder function [17, 18]. With regard to the relationship
between scapulothoracic strength and patient-reported
shoulder function, this has, to the best of our knowledge,
not previously been investigated. Collectively, the above
reveals a scarcity of literature investigating how strength is
related to shoulder function in patients with SIS. Conse-
quently, the degree to which glenohumeral and scapulothor-
acic strength impairments are reflected in patient-reported
outcomes in patients with SIS, is not well understood.
Therefore, further research investigating this, taking import-
ant covariates into account, is needed. Such knowledge will
assist clinicians and researchers in determining the relevance
of including objective strength testing. This is especially
relevant as a substantial part of current SIS rehabilita-
tion programs include glenohumeral and scapulothor-
acic strengthening exercises [8, 19]. In addition, an
improved understanding of the impact that strength,
ROM and pain impairments have on the patient’s ex-
perience of the severity of their shoulder disorder, will
facilitate the discussion concerning the importance of
addressing these impairments in the rehabilitation.
Methods
Aim
The aims of this study were: First, to describe and quan-
tify possible strength and mobility deficits related to
maximum isometric strength in shoulder abduction,
external rotation, protraction, and horizontal extension,
in active abduction ROM and in passive internal rotation
ROM in patients with SIS, to elaborate on clinical
recommendations regarding the choice of movement di-
rections in which shoulder strength and mobility should
be monitored. Secondly, to investigate the influence of
strength and ROM impairments on patient-reported
shoulder function, evaluated by the function score of
the Shoulder Pain And Disability Index (SPADI-F
score), in patients with SIS, when adjusted for im-
portant covariates, to understand the importance of
supplemental assessment of strength and ROM im-
pairments in these patients.
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Design
Cross-sectional consecutive cohort study.
Settings and procedures
This study includes a consecutive cohort of 157 patients
with SIS, all referred to an orthopedic shoulder specialist
at Arthroscopic Center Amager, for examination of a
shoulder problem, during a 3-month period (March to
June 2014). During this period, all patients referred to
examination of their shoulder problem at the depart-
ment (e.g. by their general practitioner) received a letter
containing information that an extended examination
was offered. The extended examination included test of
passive internal rotation ROM, active abduction ROM
and external rotation strength, as these are reported low
or impaired in patients with SIS [13, 15–17]. Maximum
isometric strength in abduction was also tested, as evi-
dence regarding the magnitude of deficits in abduction
strength seems scarce, even though abduction strength-
ening exercises are included in the most novel rehabilita-
tion intervention to patients with SIS [12, 19]. Tests of
maximum isometric strength in horizontal extension and
protraction in the shoulder were included to investigate
scapulothoracic muscle function. All outcome assessments
were conducted before the clinical examination performed
by an orthopedic shoulder specialist, who was blinded to
all test results. This study is part of a larger project, in-
cluding all shoulder patients referred to the department
during the 3-month period, and further data on this co-
hort will be reported in subsequent papers. Informed con-
sent was received from all participants and the rights of
the subjects were protected.
Participants
Patients were considered eligible for inclusion in the
consecutive cohort of shoulder patients based on the
following inclusion criteria: Aged 18 years or more;
referred to examination of a shoulder problem, sufficient
Danish language ability; and no competing disorder
affecting the shoulder function or the ability to answer
patient-reported questionnaires was present (e.g. neuro-
logic disease, cervical disorder, elbow disorder, mental
disorder and blindness). Patients were further included
as consecutive patients with SIS if meeting the prede-
fined SIS-criterion shown by Michener et al. [20, 21] to
have the highest diagnostic accuracy, where at least three
positive of the five diagnostic tests for SIS should be
present (Hawkins-Kennedy, Neer’s, pain-full arc, Resisted
External Rotation and Jobe’s). The standard examination,
including all diagnostic tests, was conducted by one of the
orthopedic shoulder specialists at the department. The
orthopedic shoulder specialists were all familiar with the
five impingement tests, and in addition, the performance
and interpretation of these tests were also discussed at a
staff meeting prior to initiation of the study. Patients were
excluded from the study if clinical and/or para-clinical
(Ultrasound, MRI etc.) examination revealed a full thick-
ness rotator cuff tear, luxation or sub-luxation of the gle-
nohumeral or the acromioclavicular joint, frozen shoulder
or osteoarthritis in the glenohumeral joint; or if a labrum
lesion verified by para-clinical investigation was identified,
based on the clinical judgement of the orthopedic surgeon
shoulder specialist performing the examination. For further
information on study flow, see Fig. 1.
Outcome measures
Patient-reported shoulder function was measured using
the Danish version of the Shoulder Pain And Disability
Index (SPADI) [22]. SPADI is a shoulder-specific ques-
tionnaire consisting of 13 questions, each scored on an
11-point numeric rating scale [22]. SPADI consists of
two domains measuring pain (SPADI-P, five questions)
and function (SPADI-F, eight questions), respectively.
Each domain is scored from 0 (best) to 100 (worst), and
averaged into a total SPADI score. In a recent systematic
review [23], the original English version of SPADI is
highlighted as the Patient-reported outcome supported
by the best evidence for patients with shoulder pain.
SPADI is the only Danish shoulder specific Patient-
reported outcome for which the psychometric properties
have been evaluated, and the Danish SPADI is found to
have good reliability (ICC 0.88) and known group valid-
ity in a population comparable to that included in the
current study [22]. For the purpose of investigating the
influence of impairments and pain on patient-reported
function in this study, the SPADI-F score was, a priori,
chosen as the primary dependent variable, as inclusion
of the SPADI-P score is somewhat redundant with the
pain intensity measures, with the consequent risk of
multicollinearity in the regression models. However,
similar analyses were also performed including SPADI
score (the full questionnaire) as the dependent variable,
as this is the score most often used in clinical and scien-
tific settings.
Kinesiophobia was monitored with a Danish version of
the shortened Tampa Scale of Kinesiophobia (TSK-11)
[24]. Scores range from 11 to 44, with low scores indi-
cating less kinesiophobia. The psychometric properties
of the Danish version of Tampa Scale have not been
investigated.
The following disease specific characteristics were
collected; Duration (duration of current shoulder prob-
lem: 0–1 months/1–3 months/3–6 months/>6 months);
Medication use (none/some days/most days/every day);
Insurance status (ongoing or approved worker’s compen-
sations claim, yes/no); Sick leave (on sick leave or
unemployed due to shoulder problem, yes/no); Affected
Side (dominant side/non-dominant side diagnosed with
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SIS); Age (years); and gender (male/female). The above
mentioned disease specific characteristics; Duration,
Medication use, Insurance status, Sick leave, Affected side,
Age and Gender, were selected as relevant covariates to be
included based on the existing literature [17, 25].
Clinical tests of shoulder impairments included reli-
able clinical measurements of ROM and maximum
isometric strength of the affected shoulder. All tests
were conducted by one from a team of trained testers,
consisting of two physiotherapists, three bachelor stu-
dents in physiotherapy and one medical student. All tes-
ters underwent thorough training over the duration of
approximately 1 month, and did not perform any testing
before approved by the primary investigator. Addition-
ally, the unaffected shoulder was tested first for patients
reporting no shoulder pain in the opposite shoulder,
within the last 6 months.
Range of Motion (ROM) was measured in degrees using
a digital inclinometer. Abduction ROM (Abd-ROM) was
tested with the patient in a standing position, elevating the
arm as high as possible in the frontal plane without lateral
flexion of the spine. One familiarization trial was per-
formed prior to the actual test. Internal rotation ROM
(IR-ROM) was tested with the patient in side lying
position on the shoulder being tested, the shoulder in 90
degrees of flexion, in a sleepers stretch position. One
familiarization trial was performed, and the average of the
following two tests was used as the test result. Both proce-
dures have previously been described in the literature and
are reported to have a high inter-tester reliability with
ICC ≥ 0.95, minimal detectable change (MDC90) of 4° for
abduction ROM and MDC95 = 6° for internal rotation
ROM [15, 26], but the inter tester reliability of ROM test-
ing was not investigated as part of the current study.
Fig. 1 Flow-chart
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Four tests of maximum isometric peak torque were per-
formed using a hand-held dynamometer; in abduction
(Abd-Strength), external rotation (ER-Strength), horizontal
extension (HE-Strength) and protraction (Pro-Strength).
All maximum isometric testing procedures were devel-
oped as part of this project, and the full testing procedures
are described in Additional file 1. ER-strength and Abd-
strength was tested with the subject in seated position
close to a wall, with the shoulder in neutral position, and
the elbow flexed to 90 degrees or fully extended, respect-
ively. The wall was used as external resistance to the iso-
metric contraction performed by the subject. HE-strength
was tested with the subject in prone position with the
shoulder in 90 degrees of abduction and 0 degrees of hori-
zontal extension and the forearm aligned horizontally. Ex-
ternal resistance to the isometric contraction was applied
by the assessor. Pro-Strength was tested with the subject
seated with the back supported by a vertical bench in 90
degrees position, the shoulder and elbow in 90 degrees of
flexion. A vertical board in front of the subject was used as
external resistance. Tests of maximum isometric peak
torque were measured in Newton-meter (Newton for Pro-
Strength, as no lever is measured for that test) and standar-
dised to body weight (Nm/kg or N/kg). For procedures re-
garding the measurement of lever arm, please see
Additional file 1. As part of this project, the inter-tester reli-
ability of the tests was investigated. Inter-tester reliability
was high for Abd-strength, ER-Strength and Pro-Strength
(ICC2,1 > 0.8), and acceptable for HE-strength (ICC2,1 = 0.79
with 95% CI 0.45 to 0.91). For further details on the reliabil-
ity, please see Additional file 1.
Pain intensity was monitored using the validated 11-
point numeric rating scale (0 = no pain, 10 = worst
imaginable pain) [27]. Pain-last-week was calculated as
the average of least pain and average pain last week, a
composite measure demonstrating high reliability [27].
Pain-during-testing (0–10) (e.g. pAbd-ROM, pAbd-
strength etc.) was recorded after each impairment test.
A similar measure of pain during testing is found suffi-
ciently reliable for tests of hip disorders [28].
Data analysis
Descriptive statistics with means and standard deviations
(SD) were applied for continuous variables, and numbers
(percentages) for dichotomised variables.
Relative deficits in Abd-ROM, IR-ROM, Abd-Strength,
ER-Strength, HE-Strength and Pro-Strength were calcu-
lated as the difference between sides as a percentage of
the unaffected side, in the subgroup of patients report-
ing no pain in the contralateral shoulder within the last
6 months. A one sample t-test was applied in order to
test if relative deficits were significant, with a signifi-
cance level of 0.05.
The correlation between each of the dependent variables
(SPADI and SPADI-F score, respectively) and each of the
impairment measures; Abd-Strength, ER-Strength, Abd-
ROM, the pain variables pAbd-Strength, pER-Strength,
pAbd-ROM, pain-last-week and Kinesiophobia, was inves-
tigated using Pearson correlations. The variables IR-ROM,
Pro-Strength and HE-Strength were not included in the
correlation and regression analyses because we experi-
enced that a substantial part of the patients (8 to 22, see
Table 2), was not able to perform the test. This was a con-
sequence of the applied testing procedures which required
the patient to be side-lying on the affected shoulder (IR-
ROM) or have their arm in 90° of flexion or abduction
(Pro-Strength and HE-Strength, respectively).
For all included independent variables, separate hierarch-
ical regression analyses were performed, investigating the
influence of each variable on SPADI and SPADI-F score, re-
spectively, as expressed by the adjusted R2–change (ΔR2-
adj.). Covariates were included as the first step in the re-
gression model in order to obtain covariate adjusted ΔR2-
adj. Estimates for each independent variable. The covariates
Affected Side, Age and Gender were, a priori, chosen to be
included in all covariate adjusted analyses. The Disease spe-
cific characteristics Duration, Medication use, Insurance
status and Sick leave were only included as covariates if
they significantly influenced SPADI-F score, (p < 0.05 for
ΔR2-adj.), when adjusted for the a priori selected covariates.
Furthermore, in the final stepwise multiple regressions, the
covariates and independent variables were entered in four
steps: step 1) Covariates; step 2) pain module (pAbd-
Strength, pER-Strength and pAbd-ROM, and Pain-last-
week); step 3) strength and ROM impairment module
(Abd-Strength, ER-Strength, Abd-ROM); and step 4) Kine-
siophobia module (TSK-11). The pain module was added
first, to allow the results regarding the impairment and
kinesiophobia modules to be adjusted for all pain variables.
All assumptions for hierarchical regression were tested for
all regression models. In case correlation between inde-
pendent variables >0.7 was present, the variable presenting
the highest p-value in the separate hierarchical regression
analyses was excluded from the model. For all variables in-
cluded in regression analyses, the issue of missing data was
addressed using multiple imputation. This was done using
the full conditional specification (FCS; van Buuren, 2007)
as implemented in SPSS v.22. Ten imputations were used.
ΔR2-adj.values were considered as small (≥1%), medium
(≥9%) or large (≥25%), corresponding to the cut-points for
R-values of 0.1, 0.3 and 0.5, respectively [29]. All analyses
were conducted using IBM SPSS v22. A significance level
of 0.05 was applied.
Results
The 157 patients with SIS (56% females) included in this
study were an average of 54 years (±13). Their mean
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SPADI and SPADI-F scores were 57 (±20) and 49 (±22),
respectively and 81% reported that their current shoul-
der symptoms had at least lasted 3 months. For further
descriptive statistics on the study sample, see Table 1. In
the subgroup of patients reporting no pain in the contra-
lateral shoulder within the last 6 months (n = 87), sig-
nificant relative deficits were found for all investigated
strength and ROM measures (p < 0.05), though most
pronounced in Abd-Strength (−29.3%), ER-Strength
(−32.8%) and Abd-ROM (−29.5%), see Table 2.
Results from the Pearson correlation analyses, showing
the correlation between each independent variable and
the SPADI and SPADI-F scores, respectively, are pre-
sented in Table 3. In general, Pain-last-week, pAbd-
ROM and pER-strength were the variable most corre-
lated to SPADI and SPADI-F scores (R = 0.42 to 0.64,
p < .001), while the strength variables were not at all
reflected in SPADI score (R = −0.18, p > 0.05) and to a
small degree in SPADI-F score (R = 0.22, p < .05).
In all adjusted regression analyses, the covariates Age,
Gender, Affected Side, Sick Leave and Medication Use
were included as covariates, and these alone explained a
total of 23.4% of the variance in SPADI-F score
(p < 0.0001) and 23.6% of the variance in SPADI score
(p < 0.0001). Duration and Insurance status was not in-
cluded as covariates as these variables did not significantly
influence SPADI-F score, (p > 0.05 for ΔR2-adj.), when ad-
justed for the a priori selected covariates. In the separate
hierarchical regression analyses, investigating the influ-
ence of each independent variable on SPADI and SPADI-F
score, ΔR2-adj.values were medium to high for Pain-last-
week (17.3–25.0, p < .0001), medium for pER-Strength
(9.4–10.2%, p < .001) and pAbd-ROM (13.7–18.3%,
p < .0001), but small for Abd-ROM (2.0–3.4%, p < .05),
pAbd-Strength (4.1–5.1%, p < .05) and Kinesiophobia
(2.6–4.5%, p < .05). Abd-strength (p > .44) and ER-
strength (p > .38) did not influence SPADI or SPADI-F
score, see Table 3. Post-hoc separate hierarchical regres-
sion analyses with IR-ROM, Pro-Strength and HE-
Strength as independent variables, respectively, showed
that none of these significantly influenced SPADI or
SPADI-F score, p < 0.05 (data not shown). In the stepwise
multiple regression, only the pain module (step 2) influ-
enced the SPADI and SPADI-F score, when adjusted for
covariates (ΔR2-adj. 31.6 and 23.4%, respectively,
p < 0.001), and the final model explained a total of 47% of
the variance in SPADI-F score and 55.5% of the variance
in SPADI score, see Table 4.
Discussion
In this study of 157 consecutive patients with SIS, clin-
ical hand-held dynamometer tests of isometric strength
revealed significant strength deficits in shoulder abduc-
tion (29%), external rotation (33%), horizontal extension
(18%) and protraction (8%), in the subgroup (n = 87) of
patients reporting no pain in the opposite shoulder. Sig-
nificant ROM deficits in abduction (30%) and internal
rotation (12%) were also identified in this group.
Conversely, the pain variables significantly influenced
patient-reported shoulder function (ΔR2-adj. 23.4–
31.6%,), while shoulder strength and range of motion
had none or minimal influence (n = 156).
To the best of our knowledge, the deficits in scapu-
lothoracic strength have not previously been quantified
in non-athletic patients with SIS, hindering any making
of inferences about whether glenohumeral or scapu-
lothoracic deficits are most pronounced in these pa-
tients. However, as we found more pronounced strength
deficits in abduction and external rotation of 29–33%
compared to 8–18% in horizontal extension and protrac-
tion strength, it seems that glenohumeral muscle
strength deficits are more pronounced than those of the
scapulothoracic joint. Although strength deficits in ab-
duction, horizontal extension and protraction strength
have not previously been quantified in non-athletic pa-
tients with SIS, the presence of such deficits is supported
by one previous study by Celik et al. [30], who reported
that significant strength deficits exists in the same move-
ment directions. Importantly, however, Celik et al. [30]
did not report the magnitude of these deficits. The
Table 1 Patients demographic characteristics
N=
Age mean ± SD 157 54 ± 13
SPADI total ± SD 156 57 ± 20
SPADI-F ± SD 156 49 ± 22
Kinesiophobia (TSK-11) ± SD 148 28 ± 5
Gender female, n (%) 88/157 (56.1%)
Dominant side affected n(%) 82/151 (54.3%)
Pain opposite shoulder within 6 months n(%) 64/151 (42.4%)
Duration of disorder, n (%)
0–1 month 2/154 (1.3%)
1–3 months 27/154 (17.5%)
3–6 months 33/154 (21.4%)
> 6 months 92/154 (59.7%)
Sick Leavea (% on sick leave) 14/152 (9.2%)
Insuranceb (% yes) 10/152 (6.6%)
Medication Usec
None 41/156 (26.3%)
Some days 49/156 (31.4%)
Most days 30/156 (19.2%)
Every day 36/156 (23.1%)
aPatients on sick leave or part time because of shoulder problem
bInsurance: yes = ongoing or accepted claim, no = no insurance claim
cHighest frequency of medication (over the counter or prescribed)
Clausen et al. BMC Musculoskeletal Disorders  (2017) 18:302 Page 6 of 10
pronounced deficits in external rotation isometric
strength identified in this study is also in accordance
with the deficits in external rotation strength (11–37%)
that have been reported in non-athletic patients with SIS
when compared to healthy subjects [13, 14, 31]. Import-
antly, however, previous studies investigating this did
not include a population based sample of patients with
SIS, limiting the external validity of those results. In gen-
eral, the presence of deficits in glenohumeral strength
identified in this study may not be surprising, as manu-
ally assessed muscle weakness is part of the diagnostic
criterion described by Michener et al. [21], which were
applied in this study. However, the specific manual
muscle tests used for diagnosis do not provide any quan-
tification of the muscle weakness, why the dynamometer
and inclinometer data presented in this study adds
valuable information to elucidate the magnitude of these
deficits. In addition, the findings from this study, that
deficit in shoulder strength seems more pronounced in
the glenohumeral joint than in the scapulothoracic joint,
suggests that especially assessment of glenohumeral
strength is relevant when monitoring patients with SIS.
We found that none of the investigated glenohumeral
shoulder strength measures significantly influenced the
patient-reported function in a population of non-
operated patients with SIS. This is in contrast to one
previous study reporting that isometric external rotation
strength to a high degree influenced SPADI score
(R2 = 36%), also in non-operated patients with SIS [13].
A limitation in that previous study is that no adjust-
ments were made for important covariates such as Age,
Gender, Affected Side, Sick Leave and Medication Use;
covariates which in this study were found to significantly
influence the SPADI-F score (ΔR2-adj. 23.4%), and there-
fore possible confounders. Furthermore, the external val-
idity of the results presented by MacDermid et al. [13] is
limited, due to a small and non-representative sample of
patients, diagnosed with SIS or rotator cuff tendinitis
using no specific criteria, increasing the risk that their re-
sults represents a spurious finding. In contrast, the results
from the present study are based on a large sample of con-
secutive patients with SIS from a large outpatient hospital
clinic. Therefore, given the results from our study, we do
not find it likely that maximal glenohumeral shoulder
Table 2 Relative impairments in symptomatic shoulder compared to opposite shoulder in patients with SIS reporting no pain in the
opposite shoulder within the last 6 months (n = 87)
Numbera Asympt. shoulder Sympt. shoulder Relative Deficitb (95%CI) p=
Abd-ROM, ° ± SD 77 164° ±14 116° ±42 29.5% (23.9–35.1%) <.0001
IR-ROM, ° ± SD 69 141° ±11 124° ±15 11.9% (9.2–14.6%) <.0001
Abd-Strength, Nm ± SD 72 53.1 Nm ±33.0 37.6 Nm ±28.9 29.3% (23.7–34.9%) <.0001
ER-Strength, Nm ± SD 72 19.9 Nm ±8.3 13.9 Nm ±9.9 32.8% (26.4.-39.2%) <.0001
HE-Strength, Nm ± SD 43 25.6 Nm ±15.6 21.2 Nm ±16.3 18.0% (9.4–26.5%) .0001
Pro-Strength, N ± SD 49 234.0 N ± 131.5 204.9 N ± 121.4 8.4% (0.7–16.0%) .032
aFor all tests, some data are missing because the patients had difficulties performing the tests or due to insufficient time to completion of the tests. The number of
missing data due to difficulties is: Abd-ROM, 2 missing; IR-ROM, 8 missing; Abd-Strength, 3 missing; ER-Strength, 3 missing; HE-Strength, 22 missing; Pro-Strength, 13
missing. The number of missing data due to time is: Abd-ROM, 8 missing; IR-ROM, 10 missing; Abd-Strength, 12 missing; ER-Strength, 12 missing; HE-Strength, 22
missing; Pro-Strength, 25 missing
bCalculated as the difference divided by the test result in the asymptomatic shoulder
Table 3 Pearson correlations and separate hierarchical regression analyses showing the correlation between each independent
variable and the dependent variables (SPADI and SPADI-F) as well as the variance in SPADI and SPADI-F score explained by each
independent variable (n = 156)
Variables SPADI SPADI-F
Pearson’s R ΔR2-adj (adjusteda) Pearson’s R ΔR2-adj (adjusteda)
Abd-ROM −0.32*** 2.0%* −0.36*** 3.4%*
Abd-Strength −0.18 0.0% −0.22* 0.2%
ER-Strength −0.18 −0.1% −0.22* 0.2%
pAbd-ROM 0.54**** 18.3%**** 0.48**** 13.7%****
pAbd-Strength 0.28** 4.1%* 0.28** 5.1%**
pER-Strength 0.45*** 10.2%*** 0.42*** 9.4%***
Pain-last-week 0.64**** 25.0%**** 0.55**** 17.3%****
Tampa scale (TSK-11) 0.31*** 4.5%** 0.24** 2.6%*
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
aadjusted for Age, Gender, Affected Side, Sick Leave and Medication Use
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strength influences SPADI-scores to a very high degree in
non-athletic patients with SIS. In addition, in Post Hoc
analyses, we found that scapulothoracic strength also was
not reflected in SPADI or SPADI-F score. The reason for
this lack of relationship between self-reported function
and objective measures of shoulder strength cannot be ex-
plained by the findings of the current study, but one sug-
gestion could be that the patients merely conforms to
their functional capacity, and therefore do not experience
limited strength as a functional deficit.
Despite our finding, that glenohumeral shoulder strength
does not seem to influence SPADI-scores, the significant
deficits in shoulder strength, especially in the glenohumeral
joint (29–33% deficit), suggests that strengthening exercises
are an important part of the rehabilitation of patients with
SIS. Furthermore, the apparent lack of relationship between
shoulder strength and self-reported function does not ne-
cessarily diminish the importance of targeting shoulder
strength impairments in the rehabilitation of these patients.
Accordingly, the use of strengthening exercises in the re-
habilitation of patients with SIS, is, to some degree, sup-
ported by Lombardi et al. [11], where progressive resistance
training alone, was found superior to waiting-list control
for improving self-reported function and pain, even though
no significant differences in shoulder peak torque change
was found between the two groups. In line with this, most
novel rehabilitation programs for patients with SIS [8, 19,
32] contain both strengthening exercises aimed at the gle-
nohumeral and the scapulothoracic joint, respectively,
though none is emphasised more than the other. However,
to further improve the rehabilitation of patients with SIS,
research investigating the importance of targeting the
specific glenohumeral and scapulothoracic strength deficits,
respectively, is needed.
All pain variables included in the regression analyses
significantly reflected SPADI and SPADI-F score, and es-
pecially Pain-last-week was reflected in SPADI-F and
SPADI score to a high degree (Adjusted ΔR2-adj. 17.3
and 25.0%, respectively, p < .0001) (see Table 3). This is
only slightly more than the 13–16% previously reported
[17, 33], and supports the current assumption [17, 33]
that pain is, to a significant degree, reflected in both
SPADI and SPADI-F score.
In addition, we also included the variables defined as
pain during tests; variables which have not previously
been investigated in a similar context. Interestingly, we
found that pain during Abd-ROM and ER-strength test-
ing were reflected in SPADI score to a higher degree
than pain during Abd-strength testing. This could indi-
cate that pain during test of abduction ROM and exter-
nal rotation strength is more representative for the
functional status of these patients than is pain during
test of abduction strength and thus could be an import-
ant and quick indication of individual progress in a busy
clinical setting, where questionnaire information cannot
be obtained at every visit.
While the relative deficits in Abd-ROM have not pre-
viously been quantified in a comparable population, the
levels of Abd-ROM (116°) in the affected side, found in
our, study is in line with the 124–134° previously re-
ported by Engebretsen et al. [17] in a comparable popu-
lation. As expected, the impact of Abd-ROM on SPADI
and SPADI-F score was small in our study, though it is
slightly higher than previously reported [17]. Collect-
ively, ours and previously published results support the
recommendation that test of ROM should be included
in the management of patients with SIS [6, 7], as active
abduction ROM is only reflected to a small degree in
SPADI and SPADI-F scores. Furthermore, in line with
the literature [18], we found that kinesiophobia had a
significant but small influence on SPADI-F score in the
separate hierarchical regression analyses. However, this
association vanished when adjusted for all pain and im-
pairment variables, indicating that kinesiophobia is not
related to patient-reported function, aside from the in-
herent close relationship to pain variables.
An important strength of the current study is the ap-
plication of consecutive sampling of patients, which
strengthens the external validity of the study findings. It
should be noted, however, that only patients referred to
further examination of their shoulder disorder were in-
cluded in his study, and the findings therefore cannot
necessarily be generalized to other populations of pa-
tients with SIS. An additional strength of this study is
the application of pre-defined clinical criteria for the
diagnosis of SIS, which improves the reproducibility of
the study and the possibility for future replication of
study findings. In this study, the relative deficits were
calculated as an index between the affected and the non-
affected side, and it could be argued that the calculation
of a group level symmetry index is not optimal if
Table 4 Final hierarchical regression analyses showing the
additional variance in SPADI and SPADI-F score explained by
each module included in the model
Modules of variables
included in the model
SPADI SPADI-F
R2-adj ΔR2-adje R2-adj. ΔR2-adje
Step 1: Covariatesa 23.6% 23.6%**** 23.4% 23.4%****
Step 2: Pain moduleb 55.2% 31.6%**** 46.8% 23.4%****
Step 3: Impairment modulec 55.0% −0.2% 47.2% 0.4%
Step 4: Kinesiophobiad 55.5% 0.5% 47.1% −0.1%
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
aAge, Gender, Affected Side, Sick Leave, Medication Use
bpAbd-ROM, pAbd-Strength, pER-Strength, Pain-last-week
cAbd-ROM and ER-Strength. Abd-Strength was not included due to a risk of
multicollinearity, as Abd-Strength and ER-Strength showed a correlation >0.7,
when testing assumptions for the regression model
dTampa scale of kinesiophobia (TSK-11)
eAdditional variance explain by each step of the hierarchical regression model
Clausen et al. BMC Musculoskeletal Disorders  (2017) 18:302 Page 8 of 10
important side-to-side differences are expected between
the dominant and non-dominant side and more patients
are affected in either the dominant or non-dominant
side. However, we do not believe this is a problem in our
study, as approximately half of the patients were affected
in the dominant side (51% for relative deficit in Abd-
ROM), and because little or no differences in external
rotation and abduction strength between dominant or
non-dominant side are observed in non-athletic popula-
tions [34–36], such as the population included in this
study. However, one important limitation should be con-
sidered when strength is measured as the force output
in a given movement direction, which is the case in this
study, as this does not allow for quantification of the
contributions from each muscle or muscle group. Fur-
thermore, there is a risk of type I error in the current
study due to the utilization of multiple imputation to
handle missing data and the high number of statistical
tests performed. However, results from Post Hoc mul-
tiple hierarchical regression analyses, using the raw data
set instead of imputed datasets, did not reveal any re-
sults altering the conclusions from the main analyses.
Furthermore, it should be noted that adjusting for this,
using a Bonferroni correction (data not shown), would
not have affected any of the conclusions drawn in the
current study, except the presence of significant deficits
in protraction strength.
Conclusion
Pronounced deficits in glenohumeral strength and in ac-
tive abduction ROM was found in patients with SIS. The
SPADI and SPADI-F scores mainly reflect pain level and
not the substantial strength and ROM impairments ob-
served in Patients with SIS. Therefore, supplemental as-
sessment of glenohumeral strength and abduction ROM
seems important, and is further emphasized by the mag-
nitude of the deficits as was found in this study.
Additional file
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Abbreviations
Abd-ROM: Abduction range of motion; Abd-Strength: Maximum isometric
strength in abduction; ER-Strength: Maximum isometric strength in external
rotation; HE-Strength: Maximum isometric strength in horizontal extension;
IR-ROM: Internal rotation range of motion; pAbd-ROM: Pain during testing of
abduction range of motion; pAbd-strength: Pain during testing of maximum
isometric strength in abduction; pER-Strength: Pain during testing of
maximum isometric strength in external rotation; Pro-Strength: Maximum
isometric strength in protraction; ROM: Range of motion; SIS: Subacromial
impingement syndrome; SPADI: Shoulder pain and disability index; SPADI-
F: Shoulder pain and disability index, function subscale; TSK-11: Tampa scale
of kinesiophobia, 11 item version
Acknowledgements
The authors would like to thank the Metropolitan University College, Sports
Orthopedic Research Center - Copenhagen (SORC-C) and Praksisfonden for
funding this study, and Peter Andreas Rothe and Jens Langermann for
assisting with the data collection.
Funding
The study was funded by the Danish Ministry of Higher Education and
Science (via the Metropolitan University College); Sports Orthopedic Research
Center - Copenhagen, Department of Orthopedic Surgery, Copenhagen
University Hospital, Amager-Hvidovre, Denmark and Praksisfonden.
Availability of data and materials
The datasets used and analysed during the current study is available from
the corresponding author on reasonable request and with permission from
the Danish Data Protection Agency.
Authors’ contributions
MBC contributed to the conception and design of the work, and acquisition,
analysis, and interpretation of data. AW contributed to acquisition of data.
KH contributed to the acquisition of data. KBC contributed to the analyses
and interpretation of data. MLA contributed to the acquisition of data. PH
contributed to the conception and design of the work. KT contributed to
the conception and design of the work. All authors have drafted and/or
critically revised the manuscript for important intellectual content, and
approve of the final version.
Ethics approval and consent to participate
The project was approved by the Danish Data Protection Agency, and has
also been evaluated by the Capitol Region Committee on Health Research
Ethics in Denmark, where it was evaluated as not requiring formal ethical
approval (H-3-2013-FSP29). All participants gave written informed consent
before data collection began.
Consent for publication
For pictures in the appendix, consent for publication was obtained in a
photograph release form signed by the model appearing at the pictures. The
signed form can be obtained from the corresponding author on reasonable
request.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Physiotherapy and Occupational Therapy, Faculty of Health
and Technology, Metropolitan University College, Sigurdsgade 26, DK-2200
Copenhagen, Denmark. 2Sports Orthopedic Research Center - Copenhagen,
Department of Orthopedic Surgery, Copenhagen University Hospital,
Amager-Hvidovre, Denmark. 3Department of Biostatistics, University of
Copenhagen, Copenhagen, Denmark. 4Physical Medicine and Rehabilitation
Research-Copenhagen (PMR-C), Amager-Hvidovre Hospital, Copenhagen
University Hospital, Copenhagen, Denmark.
Received: 11 January 2017 Accepted: 10 July 2017
References
1. Steinfeld R, Valente RM, Stuart MJ. A commonsense approach to shoulder
problems. Mayo Clin Proc. 1999;74:785–94.
2. van der Windt DA, Koes BW, de Jong BA, et al. Shoulder disorders in
general practice: incidence, patient characteristics, and management. Ann
Rheum Dis. 1995;54:959–64.
3. Roach KE, Budiman-Mak E, Songsiridej N, et al. Development of a shoulder
pain and disability index. Arthritis Care Res Off J Arthritis Health Prof Assoc.
1991;4:143–9.
Clausen et al. BMC Musculoskeletal Disorders  (2017) 18:302 Page 9 of 10
4. US Food and Drug Administration. Guidance for industry. Patient-reported
outcome measures: use in medical product development to support labeling
claims. 2009. URL Www Fda GovdownloadsDrugsGuidancesUCM193282 Pdf.
5. Diercks R, Bron C, Dorrestijn O, et al. Guideline for diagnosis and treatment
of subacromial pain syndrome: a multidisciplinary review by the Dutch
orthopaedic association. Acta Orthop. 2014;85:314–22.
6. Danish Health Authority. National clinical guideline on diagnostics and treatment
of patients with selected shoulder conditions. Danish Health Authority, 2016.
7. Hopman K, Lukersmith S, McColl A, et al. Clinical practice guidelines for the
Management of Rotator Cuff Syndrome in the workplace. Port Macquarie,
Australia: University of South Wales; 2013.
8. Bennell K, Wee E, Coburn S, et al. Efficacy of standardised manual therapy
and home exercise programme for chronic rotator cuff disease: randomised
placebo controlled trial. BMJ. 2010;340:c2756.
9. Dilek B, Gulbahar S, Gundogdu M, et al. Efficacy of Proprioceptive exercises
in patients with Subacromial impingement syndrome: a single-blinded
randomized controlled study. Am J Phys Med Rehabil. 2016;95:169–82.
10. Galace de Freitas D, Marcondes FB, Monteiro RL, et al. Pulsed
electromagnetic field and exercises in patients with shoulder impingement
syndrome: a randomized, double-blind, placebo-controlled clinical trial. Arch
Phys Med Rehabil. 2014;95:345–52.
11. Lombardi I, Magri AG, Fleury AM, et al. Progressive resistance training in
patients with shoulder impingement syndrome: a randomized controlled
trial. Arthritis Rheum. 2008;59:615–22.
12. Maenhout AG, Mahieu NN, De Muynck M, et al. Does adding heavy load
eccentric training to rehabilitation of patients with unilateral subacromial
impingement result in better outcome? A randomized, clinical trial. Knee
Surg Sports Traumatol Arthrosc Off J ESSKA. 2013;21:1158–67.
13. MacDermid JC, Ramos J, Drosdowech D, et al. The impact of rotator cuff
pathology on isometric and isokinetic strength, function, and quality of life.
J Shoulder Elb Surg Am Shoulder Elb Surg Al. 2004;13:593–8.
14. Leroux JL, Codine P, Thomas E, et al. Isokinetic evaluation of rotational
strength in normal shoulders and shoulders with impingement syndrome.
Clin Orthop. 1994:108–15.
15. Lunden JB, Muffenbier M, Giveans MR, et al. Reliability of shoulder internal
rotation passive range of motion measurements in the supine versus
sidelying position. J Orthop Sports Phys Ther. 2010;40:589–94.
16. Tyler TF, Nicholas SJ, Roy T, et al. Quantification of posterior capsule
tightness and motion loss in patients with shoulder impingement. Am J
Sports Med. 2000;28:668–73.
17. Engebretsen K, Grotle M, Bautz-Holter E, et al. Determinants of the shoulder
pain and disability index in patients with subacromial shoulder pain. J
Rehabil Med. 2010;42:499–505.
18. Lentz TA, Barabas JA, Day T, et al. The relationship of pain intensity, physical
impairment, and pain-related fear to function in patients with shoulder
pathology. J Orthop Sports Phys Ther. 2009;39:270–7.
19. Holmgren T, Björnsson Hallgren H, Öberg B, et al. Effect of specific exercise
strategy on need for surgery in patients with subacromial impingement
syndrome: randomised controlled study. BMJ. 2012;344:e787.
20. Hegedus EJ, Goode AP, Cook CE, et al. Which physical examination tests
provide clinicians with the most value when examining the shoulder?
Update of a systematic review with meta-analysis of individual tests. Br J
Sports Med. 2012;46:964–78.
21. Michener LA, Walsworth MK, Doukas WC, et al. Reliability and diagnostic
accuracy of 5 physical examination tests and combination of tests for
subacromial impingement. Arch Phys Med Rehabil. 2009;90:1898–903.
22. Christiansen DH, Andersen JH, Haahr JP. Cross-cultural adaption and
measurement properties of the Danish version of the shoulder pain and
disability index. Clin Rehabil. 2013;27:355–60.
23. Thoomes-de Graaf M, Scholten-Peeters GGM, Schellingerhout JM, et al.
Evaluation of measurement properties of self-administered PROMs aimed at
patients with non-specific shoulder pain and ‘activity limitations’: a systematic
review. Qual Life Res Int J Qual Life Asp Treat Care Rehabil. 2016;25:2141–60.
24. Woby SR, Roach NK, Urmston M, et al. Psychometric properties of the TSK-11: a
shortened version of the Tampa scale for Kinesiophobia. Pain. 2005;117:137–44.
25. Kennedy CA, Haines T, Beaton DE. Eight predictive factors associated with
response patterns during physiotherapy for soft tissue shoulder disorders
were identified. J Clin Epidemiol. 2006;59:485–96.
26. Kolber MJ, Vega F, Widmayer K, et al. The reliability and minimal detectable
change of shoulder mobility measurements using a digital inclinometer.
Physiother Theory Pract. 2011;27:176–84.
27. Jensen MP, Turner JA, Romano JM, et al. Comparative reliability and validity
of chronic pain intensity measures. Pain. 1999;83:157–62.
28. White SG, McNair P, Laslett M, et al. Do patients undergoing physical testing
report pain intensity reliably? Arthritis Care Res. 2015;67:873–9.
29. Cohen J. Statistical power analysis for the Behavioral sciences. 2nd ed.
Hillsdale, N.J: Routledge; 1988.
30. Celik D, Sirmen B, Demirhan M. The relationship of muscle strength and
pain in subacromial impingement syndrome. Acta Orthop Traumatol Turc.
2011;45:79–84.
31. Tyler TF, Nahow RC, Nicholas SJ, et al. Quantifying shoulder rotation
weakness in patients with shoulder impingement. J Shoulder Elb Surg Am
Shoulder Elb Surg Al. 2005;14:570–4.
32. Kromer TO, de Bie RA, Bastiaenen CHG. Effectiveness of individualized
physiotherapy on pain and functioning compared to a standard exercise
protocol in patients presenting with clinical signs of subacromial
impingement syndrome. A randomized controlled trial. BMC Musculoskelet
Disord. 2010;11:114.
33. Kromer TO, Sieben JM, de Bie RA, et al. Influence of fear-avoidance beliefs
on disability in patients with subacromial shoulder pain in primary care: a
secondary analysis. Phys Ther. 2014;94:1775–84.
34. Land H, Gordon S. What is normal isokinetic shoulder strength or strength
ratios? A systematic review. Isokinet Exerc Sci. 2011;19:231–41.
35. Westrick RB, Duffey ML, Cameron KL, et al. Isometric shoulder strength
reference values for physically active collegiate males and females. Sports
Health. 2013;5:17–21.
36. Riemann BL, Davies GJ, Ludwig L, et al. Hand-held dynamometer testing of
the internal and external rotator musculature based on selected positions
to establish normative data and unilateral ratios. J Shoulder Elb Surg. 2010;
19:1175–83.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Clausen et al. BMC Musculoskeletal Disorders  (2017) 18:302 Page 10 of 10
